NHIBITION OF TYROSINE PROTEIN KINASE ACTIVITY BY SYNTHETIC ISOFLAVONES AND FLAVONES

Sir:
Tyrosine protein kinase is known to be associated with oncogene products of the retroviral src gene family^. This kinase activity is closely correlated with the ability of retroviruses to transform cells, since mutants of viruses which lack tyrosine kinase activity are defective in malignant transformation^. Similar kinase activities are also associated with the cellular receptors for growth factors such as epidermal growth factor (EGF)3) , PDGF4) , insulin5) , insulinlike growth factor I6) and CSF-17). It is supposed therefore that tyrosine-phosphorylation plays an important role for diverse cell functions, A431 cell membrane 10 //g, which was prepared as described previously9), and the inhibitor. The reaction was continued for 5 minutes at 0°C and terminated by addition of Laemmli's SDS sample buffer10) and boiling for 2 minutes. The samples were analyzed by SDS-polyacrylamide gel electrophoresis followed by autoradiography.
The bands of the EGF receptor were excised from the gels and the radioactivity was counted with a liquid scintillation counter. The inhibitory activity was calculated from the re- In order to clarify the structure-activity relationship, the inhibitory activity of flavonoids was investigated against tyrosine kinase. Prunetin, kaempferol and quercetin exhibited high inhibitory activity ( Table 2 ). The inhibitory activity decreased drastically either by the removal of a hydroxyl group from 5 position (flavone and daidzein)
or by the addition of a methoxy group to 4' position (biochanin A and acacetin). Addition of a methoxy group at 7 position (prunetin) also reduced the inhibitory activity. Especially a bulky group at 7 position such as 0-glucose (genistin) completely abolished the activity. These results indicate that a hydroxyl group at 5 position is essential for inhibitory activity and that at 7 and 4' positions is necessary for full expression of the activity. Although quercetin was highly active against tyrosine kinase, it also inhibited other enzymes such as CAMP-dependent protein kinase1°, protein kinase C12), phosphorylase kinase13), Na+, K+-ATPase14) and 5'-nucleotidase (Akiyama and Ogawara ; unpublished result). From the results described above, several isoflavones with the modification at 2 position were synthesized and tested for their activity. As shown in Table 1 , the half maximum effect (IC50) was observed at the range of 0.7^g/ml of PKI-1 (genistein) to more than 100^g/ml of PKI-4, PKI-8, PKI-9 and PKI-10. Among these compounds, PKI-2, PKI-6, PKI-7, PKI-12, PKI-19, PKI-22 and PKI-23 showed a considerably higher inhibitory activity, but genistein was the strongest. PKI-4, PKI-8, PKI-9 and PKI-10 showed IC50 at more than 100^g/ml. As described previously150, genistein scarcely inhibited serine/threonine protein kinases such as CAMP-dependent protein kinase, protein kinase C and phosphorylase kinase at 100^g/ml. PKI-6, PKI-7 and PKI-23 exhibited similar properties.
Thus, the inhibitory activity of these compoundswere highly specific for tyrosine protein kinases.
Next, we examined the cytotoxic effect of FEB. 1989 isoflavones on RSV3Y1 cells (Table  1) . IC50 values of PKI-6, PKI-7, PKI-22 and PKI-23 against the growth of RSV-transformed cells were over 100^g/ml, although they showed a considerably high inhibitory activity against tyrosine protein kinase. Therefore, no close correlation was observed between the inhibitory activity against tyrosine kinase and the inhibition of cell proliferation.
Similar results were also obtained with flavonoids ( Table 2 ). All the flavonoids examined exhibited a fair inhibitory activity on proliferation of RSV3Y1 cells, although somecompoundssuch as daidzein and flavone showed a poor inhibitory effect on tyrosine kinase.
